Attachment of free infectious virions to target cells is mediated by the interaction of virion proteins with cell surface molecules acting as virus receptors (31) . For several viruses, such as human immunodeficiency virus (4, 13, 29, 61) , rabies virus (11, 55) , or poliovirus (59), more than one cellular receptor has been identified or postulated. In herpesviruses, the gammaherpesvirus Epstein-Barr virus has been shown to bind to complement receptor 2, also designated CD21, on susceptible B lymphocytes (42) . The betaherpesvirus human cytomegalovirus (HCMV) apparently interacts with aminopeptidase N, also designated CD13 (52) , although other cellular proteins have also been implicated in HCMV binding to target cells (23, 56) . The fibroblast growth factor receptor has been proposed as a receptor for the alphaherpesvirus herpes simplex virus type 1 (HSV-1) (19) , although its role in viral infection is disputed (40, 41, 53) . In the alphaherpesviruses, it has been shown that HSV-1 and HSV-2 interact with cell surface glycosaminoglycans (26, 30, 64) , in particular the highly sulfated and negatively charged heparan sulfate (HS) (8, 51) . The alphaherpesvirus pseudorabies virus (PrV) also binds to cell surface HS, and glycoprotein gC has been demonstrated to represent the major HS-binding PrV envelope protein (39, 65) . A similar function has subsequently been reported for HSV-1 gC (15) . In addition to HSV and PrV, the alphaherpesvirus bovine herpesvirus 1 (BHV-1 [27, 28, 43] ), the betaherpesvirus HCMV (6, 22) , and the gammaherpesvirus BHV-4 (60) also interact with cell surface HS. Therefore, binding to cellular proteoglycans appears to be a relatively common mode of attachment for herpesviruses in general.
Attachment studies of radiolabeled Pr virions to target cells by using different incubation and wash conditions demonstrated that PrV binding to cells is a biphasic process (21) . An initial interaction, which is sensitive toward competition by exogenous heparin and has therefore been designated heparinsensitive binding, is mediated by gC. This primary binding converts in a time-dependent reaction into a secondary attachment which is resistant against heparin competition. For this heparin-resistant binding, presence of gD in the virion is essential (21) . Similar biphasic attachment processes have been observed in HCMV (6) and HSV-1 (32) . In HSV-1, gD has also been shown to play a prominent role in stable attachment to target cells (32) . gCs of HSV-1, BHV-1, and PrV are nonessential for viral infectivity in cell culture and in the animal (27, 34, 53) . Therefore, a mode of attachment leading to infectious entry of the virion which is independent of gC must exist. In HSV-1, gCdeleted virus mutants still rely on HS for binding to target cells, and the essential gB has been shown to mediate this interaction in the absence of gC (14) . Therefore, gC Ϫ HSV-1 still exhibits a marked sensitivity toward inhibition by exogenous heparin, an HS-related glycosaminoglycan. In contrast, gC Ϫ PrV mutants appear to be quite insensitive to inhibition by exogenous heparin or to pretreatment of cells with heparinase (39) . However, by using virion lysates, other PrV envelope glycoproteins, especially gB, have also been observed to bind to immobilized heparin (49) . Therefore, the question remained as to whether gC Ϫ PrV infects cells via an HS-dependent pathway. To answer this question, we analyzed the infectivity of isogenic gC ϩ and gC Ϫ PrV mutants on mouse L-cell derivatives with different defects in biosynthesis of glycosaminoglycans (1, 10) . Our data show that in the virion, gC represents the only HS-binding PrV protein and that the presence of cell surface proteoglycans is not necessary for infection by PrV. In the case of PrV, therefore, a proteoglycan-independent attachment and entry pathway has to be postulated (39) . The presence of both virion gC and cell surface proteoglycans, however, increases infectivity of PrV. In addition, our results corroborate earlier findings (21) implicating virion gD in attachment of PrV to a different cellular virus receptor.
MATERIALS AND METHODS
Viruses. PrV strain Ka (20) was used as the prototypic wild-type strain in all experiments. Mutant 1112 was derived from Ka by insertion of a gG (previously designated gX) ␤-galactosidase expression cassette into the nonessential gG gene (36) . Interruption of this gene has previously been shown not to interfere with any biological parameter of the virus analyzed either in vitro or in vivo (24, 35) . Mutant 17 carries a deletion of a 1.4-kb XhoI fragment eliminating ca. 80% of the gC gene and part of the 3Ј end of the upstream prv43 gene (39, 45) . Mutant 8411 was derived from mutant 17 by insertion of the gG-␤-galactosidase (gG-␤gal) cassette into the gG gene. Properties of these viral mutants are summarized in Table 1 . The gD Ϫ PrV mutant was propagated on complementing, gD-expressing MDBK cells as described (46) . Virions lacking gD were produced after infection of normal MDBK cells with phenotypically complemented gD Ϫ PrV mutant stock.
Cells. As the parental cell line, the clone 1D line of LMtk Ϫ murine fibroblasts was used. The L-cell derivatives gro2C, deficient in the biosynthesis of HS but carrying chondroitin sulfate (CS), and sog9, unable to synthesize either HS or CS, were selected by their relative resistance against infection with HSV-1 (1, 10) ( Table 2 ). Lack of the respective cell surface proteoglycan was verified by anionexchange high-performance liquid chromatography of metabolically radiolabeled glycosaminoglycans (1, 10) . Cells were grown in minimal essential medium-10% fetal calf serum.
Southern blotting. Virion DNA was isolated as described previously (36) . After cleavage with BamHI, resulting fragments were separated in a 0.8% agarose gel. Transfer to nylon membranes and hybridization using [ 32 P]dCTPlabeled nick-translated probes followed standard procedures (48) .
Infectivity assays. Confluent cells in six-well plastic dishes were infected with serial dilutions of purified gC ϩ or gC Ϫ PrV for 1 h at 37ЊC. Thereafter, the inoculum was replaced with fresh medium, and the cells were further incubated for 5 h at 37ЊC. Fluorescence-activated cell sorting (FACS) analysis was performed essentially as described previously (47) , with minor modifications. Briefly, cells were detached from the plate in 1 ml of 5 mM EDTA in phosphatebuffered saline (PBS) lacking divalent cations, transferred to sterile Eppendorf tubes, and sedimented by brief low-speed centrifugation at 4ЊC. The cell pellet was resuspended in 50 l of prewarmed (37ЊC) PBS-2% fetal calf serum and labeled by addition of an equal volume of prewarmed 2 mM fluorescein-␤-Dgalactopyranoside (Molecular Probes, Eugene, Ore.) in distilled water. The suspension was mixed and incubated for 1 min at 37ЊC. Thereafter, 2 ml of ice-cold PBS-2% fetal calf serum was added, and samples were kept on ice until analysis on a FACStar plus (Becton Dickinson, Mountain View, Calif.) equipped with a 150-mW argon laser (Omnichrome 543/150BS). Per assay, 10 4 cells were analyzed. Analysis of viable cells was ascertained by electronic gating in the forward scatter versus side scatter mode. For evaluation, data were processed by using the PC-Lysis software (Becton Dickinson). Cell numbers were determined individually for each cell line, using the counting mode of the FACS. These numbers served as basis for the particle-per-cell calculations. Percentages of infected cells were determined by using the statistics option of the PC-Lysis software. Differentiation between infected and noninfected cells yielded overlaps of a maximum of 5%. At least three independent experiments using different purified virion preparations were performed, yielding qualitatively similar results. For Fig. 3 to 5, data from one representative assay each are shown.
The number of virus particles required for infection of 50% of the cells under the experimental conditions used, the 50% infectious dose (ID 50 ), was calculated from the plotted titration curves. Relative infectivity of the virus mutants was calculated as the ratio of ID 50 values on the respective mutant cell line compared with the ID 50 on L cells, which was assigned a value of 1.
For analysis of heparin sensitivity of gC ϩ and gC Ϫ PrV, plaque titrations were performed on MDBK and L cells in the presence or absence of 50 g of heparin per ml as described previously (39) .
Determination of particle number. Virions were purified by centrifugation through a step gradient of 30, 40, and 50% sucrose as described previously (21) . Purity of the virus preparation was assessed by electron microscopy (data not shown). To determine particle numbers, the DNA content of the purified virus suspension was assayed by using a colorimetric test (2) . From the DNA content, particle numbers were calculated, assuming a molecular weight of 90 ϫ 10 6 for the PrV genome (21, 66) . To ascertain that the PrV-containing fraction of the gradient did not contain contaminating cellular DNA, cell homogenates of noninfected cells were processed by the same procedure. Only negligible traces of cellular DNA could be detected (data not shown). Purified virion suspensions were regularly titrated on bovine kidney (MDBK) and L cells. Titers on MDBK cells were approximately 10-fold higher than those determined on murine L cells, as has been observed before (63) .
Attachment assays. For attachment assays, virions were labeled with [methyl-3 H]thymidine and purified as described previously (21) . Pr virions lacking gD were obtained by infection of noncomplementing cells with phenotypically complemented virus after propagation on gD-expressing cells (46) . To analyze binding of the virus mutants, L and gro2C cells were inoculated at 4ЊC for 2 h with the purified radiolabeled virion preparation. Thereafter, the inoculum was removed and the monolayer was washed with either PBS (to estimate total binding) or PBS supplemented with 50 g of heparin per ml (to differentiate heparinsensitive from heparin-resistant binding [21] ). Cells were lysed by addition of 1% sodium dodecyl sulfate, and cell-associated radioactivity was determined. Values are plotted as percent adsorption, i.e., percentage of input radioactivity that remained cell associated after the different wash procedures. At least three independent experiments were evaluated.
RESULTS

Characterization of virus mutants.
To isolate a ␤-galactosidase-expressing gC-negative PrV mutant, virion DNA from the gC-deletion mutant 17 (39) was cotransfected with plasmid TT-80 containing the gG-␤gal expression cassette inserted into the gG gene locus (36) . Transfection progeny was harvested and titrated under an agarose overlay containing the chromogenic ␤-galactosidase substrate Bluo-Gal (Gibco-BRL, Bethesda, Md.). Blue-staining plaques were picked and purified three times. One isolate, designated 8411, was arbitrarily chosen for further investigation. For genotypic analysis, virion DNA from wild-type strain Ka (Fig. 1, lanes 1) , the gG-␤gal mutant 1112 (Fig. 1, lanes 2) , the gC-deletion mutant 17 ( Fig.  1, lanes 3) , and the gG-␤gal-positive gC-deletion mutant 8411 (Fig. 1, lanes 4 ) was analyzed in a 0.8% agarose gel after BamHI cleavage. Figure 1A shows the ethidium bromidestained gel. It is evident that in both gC Ϫ mutants 17 and 8411, BamHI fragment 2, which encompasses most of the gC gene, comigrated with BamHI fragment 3 as a result of the 1.4-kb deletion in the gC gene. In mutants 1112 and 8411, the novel gG-␤gal fragment created by fusion of the gG-␤gal cassette to the viral BamHI fragment 10 is visible migrating between BamHI fragments 6 and 7 (35) . Concomitantly, fragment 10 is lost. Hybridization with BamHI fragment 2 (Fig. 1B) , with a gC-specific probe (Fig. 1C) , and with a ␤-galactosidase-specific probe (Fig. 1D) confirmed that mutant 8411 contains the gG␤gal expression cassette in the gG locus and a deletion in the gC gene.
To check for heparin sensitivity, virus suspensions were titrated on MDBK cells in the absence and in the presence of 50 g of heparin per ml. As shown in Fig. 2 , the presence of heparin during the attachment process inhibited the gC ϩ strains Ka and 1112 by more than 90%, whereas both gC Ϫ mutants 17 and 8411 were essentially not affected. The rather limited but still measurable effect of heparin on attachment of a gC Ϫ PrV mutant described before (21) could not be observed when other preparations of heparin were used and thus may be attributed to impurities in the heparin (data not shown). These results demonstrate that infection of cells by mutant 8411 is not sensitive to the presence of exogenous heparin and that, therefore, mutant 8411 behaves like mutant 17 in this respect (39) . Similar results were obtained when virus was titrated on murine L cells (data not shown). Both viruses were able to infect murine L cells to a level of 100%. However, the specific infectivity of gC Ϫ PrV was approximately 10-fold lower than that of gC ϩ PrV; i.e., 10 times more particles of gC Ϫ PrV than of gC ϩ PrV were needed to infect 50% of the L cells (see also Table 3 ). This result is in agreement with previous data for rabbit, bovine, or porcine kidney cells which indicated that the presence of gC enhances infectivity of PrV on these cells (39, 62, 66) .
Infectivity of isogenic gC
Infectivity of gC ؉ PrV on L cells mutated in glycosaminoglycan biosynthesis. Interaction between virion gC and cell surface glycosaminoglycan is a major step in the primary attachment of PrV to target cells (39) . To assess the importance of HS and/or CS in this process, mutant L cells deficient in synthesis of HS (gro2C [10] ) or HS and CS (sog9 [1] ) were infected with serial dilutions of ␤-galactosidase-expressing gC ϩ PrV 1112 and analyzed by FACS. Results of a representative experiment are shown in Fig. 4 . It is evident that gro2C and sog9 cells proved to be more resistant to PrV infection than parental L cells. At a given amount of input virus, significantly fewer gro2C or sog9 cells than wild-type L cells became infected. ID 50 values and relative infectivities were calculated from the diagram (Fig. 4) and are presented in Table 3 . The infectivity of gC ϩ PrV on gro2C cells was approximately 22%, and on sog9 cells approximately 17%, of that found on parental L cells. At least three independent experiments using different virion preparations were performed. All of them yielded qualitatively similar results, although, as expected, ID 50 values varied somewhat between different virus preparations. These data show that the absence of HS decreases the infectivity of gC ϩ PrV to approximately the same level as observed for gC Ϫ PrV on HS-positive cells (Fig. 3 and 5) . Additional absence of CS only slightly decreases the infectivity further, indicating that CS in gro2C cells cannot efficiently substitute for HS in PrV attachment. described above, parental L cells and proteoglycan mutants gro2C and sog9 were infected with serial dilutions of gC Ϫ PrV 8411 and analyzed. Data from a representative experiment are shown in Fig. 5 and Table 3 . The infectivity of PrV 8411 was similar on all three cell lines tested. The absence of either HS in gro2C cells or HS and CS in sog9 cells did not significantly alter the infectivity of the virus compared with parental L cells. Therefore, in the absence of the virion envelope glycoprotein gC, the presence or absence of cell surface proteoglycans did not influence PrV infectivity. These data show that gC is the only virion envelope glycoprotein interacting productively with cell surface proteoglycans. In the absence of gC, cell surface proteoglycans apparently play no important role in initiation of infection.
Infectivity of gC
Attachment of gC ؊ and gD ؊ PrV to L and gro2C cells. To supplement our findings on infectivity of the virus mutants with physical binding studies, radiolabeled wild-type, gC Ϫ , and gD Ϫ Pr virions were incubated with L-cell and gro2C cell monolayers for 2 h at 4ЊC. Both gC and gD have previously been found to be involved in different steps of the biphasic attachment process of PrV (21) . The fraction of virus that remained stably bound after thorough washing with PBS was determined (total binding; Fig. 6A ). Total binding was further differentiated into heparin-sensitive and heparin-resistant binding by competition with exogenous heparin after washing with PBS supplemented with 50 g of heparin per ml. Bound virus that could be displaced by exogenous heparin represented the heparin-sensitive binding fraction (Fig. 6B) , whereas virus that remained stably bound after the wash with PBS-heparin comprised the heparin-resistant binding fraction (Fig. 6C) . As regards total binding, attachment of wild-type Pr virions to gro2C cells was significantly lower than attachment to L cells, which reflects the observed difference in infectivity. Total binding of purified gD Ϫ Pr virions was also significantly lower on gro2C than on L cells. In addition, in agreement with previous results (21) 50 values were calculated from the data shown in Fig. 4 and 5. The number of particles necessary for infection of 50% of L cells was assigned a relative infectivity of 1, and relative infectivities of both PrV mutants on gro2C and sog9 cells were calculated accordingly.
Pr virions did not attach as efficiently to L cells as did wild-type Pr virions. In gC
Ϫ PrV, total binding to L cells was lowest of all mutants tested and only slightly decreased on gro2C cells. These results show that the absence of HS proteoglycans significantly decreased total binding of wild-type and gD Ϫ PrV, whereas the overall much lower attachment of gC Ϫ PrV was only slightly affected by the absence of HS.
Differentiation into the heparin-resistant and heparin-sensitive binding fractions showed that wild-type and gD Ϫ PrV relied on HS proteoglycans for the heparin-sensitive binding (Fig. 6B) , since heparin-sensitive attachment was essentially abolished on gro2C cells compared with L cells. In contrast, the low level of heparin-sensitive binding of gC Ϫ PrV was not affected by the presence or absence of HS. (It is important to note in this context that levels of adsorption attained by gC Ϫ PrV on both cell lines and by gD Ϫ and wildtype PrV on gro2C cells were near background levels.)
Heparin-resistant binding of wild-type PrV was slightly lower on gro2C cells than on L cells. A similar result was seen with gC Ϫ and gD Ϫ PrV, albeit at very low levels. Notably, gD Ϫ PrV was unable to mediate significant heparin-resistant binding on either cell line. All attachment of gD Ϫ PrV appeared to be heparin sensitive, which corresponds well with previous findings showing an involvement of gD in the heparin-resistant attachment of PrV (21) . For all three binding assays, results for sog9 cells were similar to those for gro2C cells (data not shown).
DISCUSSION
Primary attachment to cell surface proteoglycans has been reported for members of all three subfamilies of herpesviruses (reviewed in references 33 and 53). However, so far it has been unclear whether interaction of virion components with cellular surface glycosaminoglycans is necessary to mediate subsequent steps in the initiation of virus infection leading to infectious entry of the virion into the target cell. In the absence of the major HS-binding glycoprotein of HSV-1, the nonessential glycoprotein gC, it is the essential gB which binds HS (14) . Therefore, gC Ϫ HSV-1 virions are still sensitive to heparin in attachment and infectivity. Since gB is indispensable for HSV-1 infectivity by playing an essential role during fusion between virion envelope and cellular cytoplasmic membrane (3), it is unclear whether the HS-binding function and the role that gB plays in membrane fusion are related and whether binding of gB to HS is necessary for initiation of the infectious process. We show here that in the absence of gC, specific infectivity of PrV for normal L cells is reduced to levels similar to those observed on proteoglycan-deficient cell mutants independent of the presence or absence of gC. PrV virion gB,
FIG. 5. Infectivity of gC
Ϫ PrV on L, gro2C, and sog9 cells. L, gro2C, and sog9 cells were infected with ␤-galactosidase-expressing gC Ϫ PrV 8411 and assayed by FACS analysis. Data were plotted as indicated in the legend to Fig. 4 . Histograms correspond to the particle number per cell indicated by the arrow. Shaded lines show fluorescence of noninfected control cells. Note that the particle numbers required to infect the same percentage of L cells was more than 10 times higher for gC Ϫ PrV than for gC ϩ PrV (see Fig. 3 and 4 for comparison).
therefore, apparently does not bind productively to HS, at least not in the absence of gC, although PrV gB is probably capable of binding heparin in in vitro assays using solubilized glycoproteins (49) . This observation corroborates earlier results (39) (see also Fig. 2 ) that gC Ϫ PrV is resistant against inhibition of infection by soluble heparin. It appears, therefore, that in the virion, gC represents the only HS-binding PrV protein and that gC Ϫ PrV enters murine L cells by a proteoglycan-independent pathway. gC has previously been shown to be involved in two distinct steps of attachment of PrV (66) . Since gC Ϫ PrV is still infectious, both of these steps apparently are not necessary for successful initiation of infection.
It is noteworthy that PrV gB can functionally substitute for HSV-1 gB in infectivity of HSV-1 virions (38) . This could be explained either by PrV gB, in the context of the HSV-1 virion envelope, acquiring HS-binding activity or by the fact that HS binding is not required for gB function in HSV-1. Analyses differentiating between the two possibilities are currently under way. Interestingly, in HSV-1, gC appears to be the only virion glycoprotein capable of inducing hemagglutination by binding to HS in erythrocyte membranes. Deletion of gC abrogates the hemagglutinating ability of HSV-1, whereas restoration of gC expression restores hemagglutination (58) . Although this might be interpreted as gB playing no role in binding of HS in this assay, it appears also conceivable that erythrocyte HS differs from that in other cell types and that HSV-1 gB is more restricted in its interaction with particular forms of HS than is gC.
Although gC is clearly dispensable for infectivity of PrV, it enhances virion infectivity in the presence of cell surface proteoglycans. In their absence, lack of gC did not significantly affect the infectivity of PrV for L cells, indicated by the result that the relative infectivity of gC Ϫ PrV was similar on L, gro2C, and sog9 cells. We noted in this context that the specific infectivity of PrV for murine L cells was approximately 10-fold less than observed on bovine kidney (MDBK) cells (data not shown). The reason for this is unclear at present.
Since infection of target cells by PrV is dependent on neither gC nor cellular proteoglycans, it is still unclear which envelope glycoprotein mediates virion attachment in the absence of gC and which cellular surface molecule acts as the receptor. Previous studies indicated a biphasic attachment process of wildtype PrV in which a heparin-sensitive primary interaction which is mediated by gC converts to a heparin-resistant binding involving gD (21) . Similar findings have subsequently been reported for HSV-1 (32) . A biphasic attachment process obviously also takes place in the attachment of HCMV (6) . Several studies yielded circumstantial evidence that gD might be a receptor-binding glycoprotein in HSV (9, 17) , PrV (21), and BHV-1 (21) . However, the respective cellular receptors are still unknown. Results presented here show that in the absence of gD, PrV is able to attach to target cells in a heparin-sensitive way only. Heparin-resistant binding of PrV to parental and mutated L cells is, therefore, dependent on the presence of gD. Since gC Ϫ gD ϩ PrV can still infect gro2C and sog9 cells in the absence of cell surface glycosaminoglycans, these mutant cells appear to be promising starting material with which to search for secondary PrV receptors. By using attachment of PrVinfected cells as a model system, it was demonstrated that in the absence of gC, antibodies against gD were most effective in inhibiting attachment (12) . As has been described for gB, gD is an essential glycoprotein which precludes infectivity assays with gD Ϫ mutant viruses (44, 46) . However, PrV gD is not necessary for direct cell-to-cell transmission of infectivity, which might make mutant virus-infected cells a good system to study this mode of interaction. FIG. 6 . Differentiation between total, heparin-sensitive, and heparin-resistant binding of gC Ϫ and gD Ϫ PrV on L and gro2C cells. Radiolabeled wild-type (wt) PrV or virions lacking glycoprotein gC or gD were adsorbed to wild-type L cells or HS-deficient gro2C cells for 1 h at 4ЊC. Thereafter, total binding was determined after washing with PBS (A). Heparin-sensitive (B) and heparinresistant (C) binding were differentiated by washing with PBS supplemented with 50 g of heparin per ml. Binding is indicated as percentage of input radioactive material belonging to each binding fraction, i.e., that remained bound (total binding and heparin-resistant binding) or could be displaced (heparin-sensitive binding) after the different wash procedures. Data for sog9 cells did not differ significantly from those for gro2C cells (not shown).
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Results presented here also show that CS is unable to substitute for HS in mediating attachment of PrV via gC. Infectivity of gC Ϫ PrV was similar on cell lines gro2C, which lacks HS but carries normal amounts of CS, and sog9, which lacks both HS and CS. Therefore, nonspecific electrostatic interactions between the negatively charged proteoglycans (8, 16 ) and the, under physiological conditions, most probably positively charged gC HS-binding domains (7, 57) appear unlikely. Rather, a specific gC-HS interaction involving recognition of critical patterns in both HS and gC appears to occur during PrV infection. In HSV-1, it has been demonstrated that infectivity on gro2C cells was approximately 10-fold less than that on L cells (10) . This finding parallels our results for PrV. In contrast, infectivity of HSV-1 on sog9 cells was further decreased more than 10-fold (1), which indicated that CS was able to function as a cellular attachment molecule for HSV-1 in the absence of HS. Whether this difference can be attributed to the proteoglycan-binding function of HSV-1 gB or whether HSV-1 and PrV gC exhibit different affinities for CS remains to be established.
The role that gC plays in a natural infection is still unclear. In infection of mice by HSV-1 or HSV-2, gC did not appear to play a significant role, since respective gC Ϫ mutants were as virulent as the wild-type viruses (18, 54) . After intranasal infection of pigs with PrV, which most closely mimics a natural infection in a natural virus-host system, it was demonstrated that gC Ϫ PrV, in contrast to PrV mutants deleted of gE or gI, was fully capable of neuroinvasion and neural spread and exhibited a wild-type-like virulent phenotype (25) . However, gC appears to significantly influence virulence in the absence of other virion glycoproteins, such as gE (37) . Since PrV gE has been implicated in direct cell-to-cell spread (67) , it has been hypothesized that under conditions in which cell-to-cell spread is limited, as is the case for gE Ϫ PrV, reinfection of neighboring cells by free virions released from infected cells which attach via the gC-dependent pathway may be the main mode of viral spread (67) . Our experimental system assays infectivity on a single-cell basis before viral spread by either means can occur (FACS) or measures only physical attachment of radiolabeled virions. Therefore, any possible influence on cell-to-cell spread, as analyzed by plaque titration, for example, is excluded from the analysis.
The demonstration that a gC-and cellular proteoglycanindependent mode of attachment leading to productive infection occurs in PrV indicates the presence of additional or alternative cellular alphaherpesvirus receptors besides glycosaminoglycans (5, 50) . Further work will focus on the identification and characterization of these receptor molecules, which will also increase our understanding of the initial events in alphaherpesvirus infections.
